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Ambient temperature and COVID-19 outcomes
The coronavirus disease 2019 (COVID-19) 
pandemic has affected the world in different man-
ners [1–3]. Temperate regions tend to be affected 
more than tropical regions [1]. We hypothesized 
that the temperature difference between countries 
might be one of the reasons for the differences in 
distribution of COVID-19 as lower temperatures 
are considered conducive for viral respiratory 
illness spread in diseases such as influenza [4, 
5]. In this study, we evaluated the relationship 
between the temperature in 15 countries and 
provinces and their COVID-19 incidence.
Among the countries affected with COVID-19, 
we obtained data from fifteen countries and prov-
inces (Table 1) which were less than 900 square 
km in size and had at least 100 cases. We chose 
this size criterion so that there was a relatively 
uniform temperature throughout the country, 
and as to avoid bias secondary to intra-country 
migration of people. Population data from the 
15 countries and provinces, the temperature of 
the country, the number of COVID-19 cases, and 
the deaths due to COVID-19 until August 31st, 
2020 were sorted from online platforms [2, 6, 7]. 
We studied minimum, maximum, mean, and diur-
nal temperature variation in these countries from 
the day of the first case in the country to August 
31st, 2020. Prior permission was obtained from 
the World Health Organization (WHO) for using 
population data available on the WHO website 
[2]. The data were managed and analyzed using 
Stata 14.0 statistical software. Quantitative vari-
ables were summarized as a median (minimum, 
maximum). The Pearson correlation coefficient 
was used to assess the correlation between tem-
perature and COVID-19 incidence.
As of August 31st, 2020, from the chosen 
countries, Singapore had the most reported 
COVID-19 cases (n = 56717), and Seychelles 
had the least (n = 131). Countries with higher 
temperatures were found to have lower fatality 
rates from COVID-19 (Pearson coefficient –0.66) as 
depicted in Figure 1. Similarly, the COVID-19 fa-
tality rate had a significant negative correlation 
with the average minimum temperature (Pearson 
coefficient –0.63) and average maximum tempera-
ture (Pearson coefficient –0.67) (Figure 1). For 
example, a low-temperature country like San Ma-
rino (mean temperature 11.95 degree Celsius) had 
a higher COVID-19 fatality rate (5.72/100 people 
infected) compared to a higher mean temperature 
country such as Singapore (mean temperature 
27.75 degree Celsius, 0.04/100 people infected). 
The higher diurnal temperature variation (tem-
perature gradient) was also associated with an 
increased COVID-19 fatality rate, although with 
a weak correlation (Pearson coefficient 0.25). 
However, the COVID-19 incidence did not cor-
relate with environmental temperature.
Our analysis demonstrated that higher tem-
peratures might confer protection with respect to 
COVID-19 mortality. It has been previously shown 
that the incidence of influenza infection might be 
affected by temperature. Lower temperatures and 
higher diurnal variations of temperature might be 
associated with an increased incidence of influ-
enza infection [5]. However, our analysis suggests 
no relation between incidence of COVID-19 and 
temperature.
This analysis has several limitations as coun-
tries are in different stages of the pandemic, and 
the effect of ecological differences on disease 
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Figure 1. The relationship between the COVID-19 fatality rate and 
average minimum temperature (A), average maximum temperature 




transmission has not been determined. Second-
ly, the administrative strategies (such as testing, 
contact tracing, lockdown, and quarantine) for 
disease control differ between countries. This may 
affect the exact incidence of disease thus affecting 
our study outcomes. Some other potential factors 
affecting COVID-19 incidence include traveling 
patterns, vaccination coverage, and tuberculosis 
incidence, which might affect outcomes in our 
analysis [8]. We conclude that there might be 
a significant correlation between mean lower 
temperatures and an increased COVID-19 fatality 
rate. This knowledge may help to plan appropri-
ate preventive strategies as well as incite future 
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